ABSTRACT Developmental times and survivorship of tarnished plant bug nymphs, Lygus lineolaris (Palisot de Beauvois), and longevity and reproduction of adult tarnished plant bug adults reared on green beans were studied at multiple constant temperatures. The developmental time for each life stage and the total time from egg to adult decreased with increasing temperature. Eggs required the longest time to develop followed by Þfth instars and then Þrst-instars. Total developmental time from egg to adult was shortest at 32ЊC, requiring 18.0 Ϯ 0.3 d and 416.7 Ϯ 31.3 DD above 7.9ЊC, the estimated minimum temperature for development from egg to adult. Sex did not affect total developmental times and did not affect median survival time. Adults lived signiÞcantly fewer days at high temperatures (30 Ð32ЊC: 17Ð19 d) compared with temperatures below 30ЊC (range: 24.5Ð39.4 d) and the number of eggs laid per day increased from Ϸ4 at 18ЊC to a maximum of 9.5 eggs per day at 30ЊC. Total egg production over the lifetime of female tarnished plant bugs increased with temperature reaching a maximum of 175 eggs on average at 27ЊC, total egg production declined at temperatures above 27ЊC (30ЊC: 110.8, 32ЊC: 77.3 eggs per female). The highest net reproductive rate 74.5 (R 0 ) was obtained from insects maintained at 27ЊC. The intrinsic rate of natural increase (r m ) increased linearly with temperature to a maximum value of 0.1852 at 30ЊC, and then decreased at 32ЊC. Generation and doubling times of the population were shortest at 30ЊC, 21.0 and 3.7 d, respectively.
Tarnished plant bugs can injure cotton plants in several ways. Before bloom, tarnished plant bugs feed upon terminal shoots and buds causing deformations that potentially lead to loss of apical dominance (Hanny et al. 1977) . They also feed on small ßower buds (squares), causing bud/square abscission and on older more developed buds, resulting in "dirty blooms" that exhibit darkened anthers with little to no pollen. Tarnished plant bugs feeding on small bolls can cause abscission, where as feeding on larger bolls can cause stained lint and damaged seeds (Pack and Tugwell 1976, Layton 2000) .
Temperature is one environmental condition that inßuences insect development rates, mortality, and birth rates (Campbell et al. 1974 , Taylor 1981 . The effect of temperature on Lygus spp. development has been studied to some extent by other researchers (Ridgeway and Gyrisco 1960 , Leigh 1963 , Bariola 1969 , Strong and Sheldahl 1970 , Butler and Wardecker 1971 , Khattat and Stewart 1977 , Cave and Gutierrez 1983 , Alvarado-Rodrigues et al. 1987 , Fleischer and Gaylor 1988 . While there are adequate descriptions of the effects of temperature on the life history of Lygus hesperus Knight, studies involving L. lineolaris are less thorough in that they often used insects of a wider range of ages. The studies were typically carried out at only a few temperatures and were incomplete in that they did not carry their work through to the computing of full life-table statistics.
SpeciÞc knowledge of life table statistics over a range of temperatures is essential to understanding tarnished plant bug population dynamics and can be used in assessing and exploiting biological control agents through comparison of the fecundity of the pest in the presence and absence of natural enemies (Van Driesche et al. 1994) . Additionally, the effects of temperature on development have only been conducted at 24 h intervals. It would be useful to have more accurate development and life table information from insects evaluated at 12 h intervals, allowing for accurate predictions of insect age for biological assessments of natural enemies whose effectiveness can depend on within-stadium age (Ugine et al. 2005 ). This information is also important for understanding Þeld damage, will aid in rearing optimization and insect quality, and it will also serve as a baseline for assessing the Þtness of mass-reared insects. In this study, experiments were conducted to investigate the effect of temperature on developmental rates, fecundity and longevity of male and female tarnished plant bugs and this information was used to generate agespeciÞc life tables.
Materials and Methods

Insects. L. lineolaris eggs were provided by the United States Department of Agriculture, Agricultural
Research ServiceÕs Biological Control of Pests Research Unit in Stoneville, MS. The protocol for egg collection was originally described by Debolt and Patana (1985) with modiÞcations made by Cohen (2000) . Brießy, heat-sealed paraÞlm packs of 4% gelcarin were placed onto the mesh top (openings 1.0 mm) of L. lineolaris rearing containers (8.3 liters) housing 1,500 Ð2,000 adult tarnished plant bugs (50:50 male:female) and left for 1 h to obtain a discreet cohort of eggs. The colony boxes were held in a walk-in incubator maintained at 50 Ð 60% RH, 27 Ϯ 2ЊC, and a photoperiod of 16:8 h (L:D).
Temperature-Dependent Development of Tarnished Plant Bug Nymphs. Because of the large number of eggs per oviposition pack, individual oviposition packs were cut into quarters and placed individually in 90 mm petri dishes that were then sealed with ParaÞlm "M" (Pechiney Plastic Packaging, Chicago, IL). Each quarter of an oviposition pack containing Ϸ100 eggs was arbitrarily assigned to one of six environmental incubators with nominal settings of 18, 21, 25, 27, 30, or 32ЊC . Because nymphs were not in physical contact with plant material, pans of water were added to each incubator to ensure adequate relative humidity. Temperature was recorded every 15 min in each incubator using a Hobo electronic data logger (Onset Computer, Bourne, MA 2ЊC (32.0-32.8) . Oviposition packs were incubated at a photoperiod of 16:8 h (L:D) and monitored every 12 h for egg hatch. Newly emerged (Յ12 h old) Þrst-instar nymphs were removed from the egg incubation petri dish, via aspiration, into a modiÞed 1 ml centrifuge tube (bottom removed and screened) and placed individually into 55 mm diameter petri dish bottoms that had a 23-mm diameter hole covered with 90-m mesh screen for ventilation. Petri dish bottoms were then covered with thinly stretched paraÞlm. Nymphs were provided three cross sections of green bean (7Ð 8 mm in height), each of which was placed directly onto the top of the paraÞlm, cut surface down. The beans were then covered with a piece of thinly stretched paraÞlm that served to hold the beans in place and reduce moisture loss. This system simulates the feeding conditions/requirements of tarnished plant bugs and provided artiÞcial diet in heat-sealed ParaÞlm bags commonly used in mass-rearing operations (Cohen 2000) . Petri dish bottoms were then inverted (vent up) and placed on cafeteria trays covered with printer paper. At the higher temperatures tested, the paraÞlm tended to adhere to the tray and rip; the paper solved this problem. Green beans were purchased from a local super market every Monday, Wednesday, and Friday and were replaced every 2Ð3 d. Beans were soaked in a dilute dish soap and bleach (35 ml/L water) solution for 15 min, rinsed via soaking and draining the sink three times (1 min each) with tap water, dried on a laboratory bench top, placed into large plastic bags and stored in the refrigerator at 4ЊC. Insect state (egg, nymphal instar, alive, or dead) was monitored every 12 h and recorded until adulthood at which time sex was determined and recorded. The experiment was conducted twice with the tests being separated by an interval of 1 wk after the death of the last adult. Fifteen insects per temperature were monitored in test one, and 16 Ð21 insects per temperature were monitored in test two.
Female Fecundity, Oviposition Period, and Adult Longevity. Upon adult eclosion in the nymphal development studies, all female tarnished plant bugs were paired with an arbitrarily selected male from the same temperature and placed into a 30 ml portion cup (one pair per cup) containing a single 4 cm-long section of green bean cut at an angle on the bottom end to prevent the bean from rolling and injuring the insects. Cups were sealed with a paperboard lid and incubated at the temperature at which they developed. Males from within a temperature without a female counterpart were maintained individually in cups under identical conditions. The total number of eggs laid each day was quantiÞed with the aid of a dissecting microscope and recorded; as was the day of death for both male and female tarnished plant bugs. These data were used to determine the preoviposition and oviposition periods for each female. If a female outlived its paired male, the male was replaced with a male from the colony as described above; dead females were not replaced. To increase the number of replicate tarnished plant bugs held at each temperature for more robust estimates of the aforementioned reproductive parameters, two additional cohorts of insects were reared individually in 30 ml cups at their appro-priate temperatures as above. All tarnished plant bugs were checked daily until adult eclosion and were then paired and followed as previously described. No data were collected from males of these pairings. A total of n ϭ 7, 33, 26, 54, 10, 36, and 39 reproductive females were held at 17, 18, 21, 25, 27, 30 , and 32ЊC, respectively. These numbers represent reproductive females from the developmental study as well as from the additional cohorts. Because I did not intend to test the effect of 17ЊC for any parameter (incubator was cooler than expected; i.e., not 21ЊC), no additional insects were followed at this temperature. I also chose not to follow additional replicate tarnished plant bugs at 27ЊC believing that the temperatures I had already selected would provide sufÞcient resolution of the effects of temperature. The mean and range temperature of the incubator set nominally to 21ЊC were 20.8Њ (20.8 Ð20.9ЊC).
Statistical Analysis. All analyses were conducted using the statistical software package JMP, Version eight (SAS Institute 2009). Developmental times were expressed in units of days by summing the number of half-days in which an insect was within a given stadium and dividing by two. Developmental changes were assumed to occur at the mid-point of an interval. Analysis of variance (ANOVAs) investigating the effect of temperature on immature life stage duration (egg and nymph) were conducted using data from all insects that completed that life stage. This approach allowed for direct comparisons of developmental times among temperatures. Sex was not determined for insects that died prematurely, thus ANOVAs that included sex as a main effect included only those insects that completed development to adulthood.
Time-to-event response data like time for completion of a life stage or time to death, are generally not normally distributed. Therefore, each analysis was conÞrmed by an additional ANOVA after rank transformation of the data, a procedure equivalent to the nonparametric Kruskal-Wallis test (Conover 1999) . Nonparametric tests of interaction were conducted and evaluated as recommended by Conover (1999) . Results regarding signiÞcance of main effects and interactions from ANOVA of the rank-transformed data were compared with those from parametric ANOVA of log(x ϩ 1) transformed data. If results from the two analyses were not different, the Þndings of the parametric ANOVA were accepted and presented. Median survival times (ST50) and 95% conÞdence intervals for tarnished plant bugs were estimated via the proportional hazards model (Cox 1972) .
Developmental times for each life stage, as well as the total nymphal and total developmental time from egg to adult, were used to calculate developmental rates (1/developmental time) that were regressed against temperature. The regression parameters and slopes were used to estimate the lower temperature threshold for development (t) and the thermal constant K (degree days), as described by Campbell et al. (1974) .
Survivorship data for each life stage, expressed as days alive, was used to calculate age-speciÞc life tables for each temperature. Daily survivorship and age-speciÞc fecundity of adult females were used to estimate the intrinsic rate of natural increase (r m ) for tarnished plant bugs reared at each temperature using the following formula: ⌺(e -rx )l x m x ϭ 1, where x ϭ age of the adult tarnished plant bug, l x ϭ proportion surviving on day x, and m x ϭ female eggs/female on day x. The number of female eggs per female laid on day x was calculated by dividing the total eggs per day by two. The sex ratio of the adults that emerged in the development study (see Results) as well as other published results (Fleisher and Gaylor 1988) suggested a 1:1 sex ratio. The net reproductive rate (R 0 ) for each temperature was calculated using the equation R 0 ϭ ⌺l x m x ; generation time (T) and doubling time (DT) for each temperature were calculated using equations T ϭ ln R 0 /r and DT ϭ ln 2/r, respectively, as per Birch (1948) .
The nonlinear Logan model Þt most of the data sets very well and was thus used to estimate the optimum temperature for development from egg to adult using developmental rate data. The equation is as follows:
, where (rate of increase at optimal temperature), T max (upper temperature threshold), ⌬ (difference between optimal and upper temperature threshold) are Þtted parameters (Logan et al. 1976) . This model was also used to estimate the temperature that optimized the intrinsic rate of natural increase, generation, and doubling time.
Results
Temperature-Dependent Development of Immature Tarnished Plant Bugs. The results from the temperature dependent developmental study, including developmental times, the main effects of temperature, and the block effect (date) are presented in Table 1 . Increasing temperature signiÞcantly reduced the duration of all life stages. Generally, developmental times decreased with increasing temperature up to 27Ð30ЊC, at which point additional signiÞcant decreases were not observed. Exceptions to this trend were the egg and Þfth instar stage, which showed signiÞcant differences between 27, 30, and 32ЊC. Total developmental time from egg to adult was shortest at 32ЊC (18.0 Ϯ 0.3 d) although not signiÞcantly different than 30ЊC (18.7 Ϯ 0.2 d). The egg stage required the longest time for development at all temperatures followed by the Þfth instar, and then the Þrst-instar. At 32ЊC, presumably because of the rapid developmental rate and the relatively large interval between observations, there appeared to be little difference among the durations of any of the nymphal stages except the Þfth instar. At the remaining temperatures (17Ð30ЊC), there was little difference between the durations of the secondÐ fourth instars; these durations, especially at the lower temperatures when developmental times are greatly lengthened, are very similar. Because there was not a signiÞcant effect of sex on developmental time from egg to adult (F 1, 158 ϭ 0.16; P ϭ 0.69), the effect of sex was not tested for the remaining life stages. Of the 167 tarnished plant bugs that completed development to the adult stage, 76 were female and 91 were male indicating an approximate 1:1 sex ratio.
The regression of the developmental rate (1/developmental time) of each life stage on temperature and extrapolation to the zero developmental rate estimated lower temperatures developmental thresholds ranging from 5.9 to 9.8ЊC (Table 2 ). The lower temperature for development (T min ) from egg to adult was estimated to be 7.9ЊC, requiring 417 dd above the lower temperature threshold to complete development to the adult stage. The nonlinear Logan model regression (df ϭ 164) estimated the maximum temperature for development (T max ) as 37.9 Ϯ 0.4ЊC, ϭ 0.15 Ϯ 0.004, ⌬ ϭ 6.84 Ϯ 0.17 with a residual mean squared error of 0.10. Subtracting ⌬ from T max results in an optimum temperature for development from egg to adult of 31.06ЊC.
Developmental stage-speciÞc mortality (dx, percent mortality with respect to the total number of individuals entering a stadium) was highest at 17ЊC (36.5%) with the largest portion of that mortality occurring in the Þrst-instar (21%; Table 3 ). Slightly lower developmental mortality (28%) was observed at 18ЊC. Rates of mortality at 27, 30, and 32ЊC were very similar (15, 11, and 13%, respectively) and the lowest percentage mortality (6%) was recorded at 25ЊC.
Female Fecundity, Oviposition Period, and Adult Longevity. Mean (ϮSE) preoviposition and oviposition periods, daily and total egg production, male and female longevity and median survival times with conÞdence intervals are presented in Table 4 . There was a signiÞcant effect of temperature on preoviposition period (F 6, 195 ϭ 48.6; P Ͻ 0.0001), which was longest at the two coolest temperature tested (17 and 18ЊC, respectively) and was shortest at 30ЊC. The oviposition period of female tarnished plant bugs was significantly affected by temperature (F 6, 195 ϭ 4.6; P ϭ 0.0002), however, post hoc analysis revealed little in the way of a temperature dependent trend. Despite the lack of signiÞcant differences in the post hoc analysis, there was a decrease in the oviposition period with increasing temperature. It was shortest at 30 and 32ЊC and did not vary signiÞcantly among the remaining temperatures (range, 15.5Ð22.9 d). Daily egg production was signiÞcantly affected by temperature (F 6, 195 ϭ 13.9; P Ͻ 0.0001) and increased linearly from 18 to 30ЊC to a maximum of 9.5 Ϯ 0.6 eggs per day, followed by a signiÞcant decrease at 32ЊC. Daily offspring production per surviving female, referred to as the age-speciÞc rate of offspring production, was plotted for each temperature and is presented in Fig. 1 . It is important to note that age-speciÞc means are based on decreasing numbers of females over time. Temperature signiÞcantly affected the total number of eggs laid per female (F 6, 195 ϭ 3.3; P ϭ 0.004). The only signiÞcant difference in the total number of eggs laid was between 25 and 32ЊC. Despite the lack of significant post hoc differences, the mean number of eggs laid per female increased linearly with temperature from 18 to 27Њ, where it reached a peak of 174.7 Ϯ 44.2 eggs per female, and subsequently decreased linearly with only 77.3 Ϯ 8.8 eggs being laid per female at 32ЊC. This suggested that 27ЊC is the optimum temperature for total egg production. Both female and male longevity were signiÞcantly affected by temperature (F 6, 195 ϭ 13.6, P Ͻ 0.0001; F 5, 79 ϭ 4.9, P ϭ 0.0006, respectively). The pattern of the number of days alive was very similar for the two sexes. At the cooler temperatures, there was a linear decline in the number of days alive up to 21Ð25ЊC, at which point there was a plateau through 27ЊC, followed by a subsequent decrease in the number of days alive at 30 and 32ЊC, which were not different from each other. Median survival time (ST 50 ) was signiÞcantly affected by temperature ( 2 ϭ 94.1; 6 df; P Ͻ 0.0001) but not by sex ( 2 ϭ 2.9; 1 df; P ϭ 0.09) ( a Means Ϯ SE within columns followed by same letter are not signiÞcantly different (Tukey-Kramer test, ␣ ϭ 0.05).
Fig. 1.
Age-speciÞc mean (ϮSEM) daily rate of egg production (bars) and survivorship (dots) of adult female tarnished plant bugs provided fresh green bean segments daily and maintained at constant 17, 18, 21, 25, 27, 30, or 32ЊC . Large standard errors are represented numerically above their associated mean.
Discussion
Developmental times of all tarnished plant bug life stages decreased with increasing temperature and the optimum temperature for development from egg to adult was 31.06ЊC, as estimated by the nonlinear Logan model. Minor decreases (i.e., not statistically signiÞ-cant) in developmental time were observed for some life stages at the three highest temperatures tested. The lack of statistical differences at the high temperatures is likely a result of the relatively long time interval between checks when developmental times are compressed compared with the cooler temperatures, which can lead to less accurate estimates of developmental times at higher temperatures. The trend of decreasing developmental times with increasing temperature was expected and many of the actual developmental times are similar to those found for L. lineolaris in Ridgeway and Gyrisco (1960) , Bariola (1969) , and Fleischer and Gaylor (1988) . Among these three reports, the effect of seven different constant temperatures were tested on L. lineolaris development. The mean developmental times of eggs and individual nymphal instars varied little between this and the afore-mentioned studies despite the difference in check times; 24 h versus 12 h in this study. Despite this fact, the shorter interval used for making checks in this study provides a more accurate estimate of actual development time as the measurement error associated with 24 h checks is Ϯ 12 h, where as my measurement error is only Ϯ 6 h, assuming the midpoint for developmental changes. The development times of L. lineolaris in this study follow the same general pattern of durations as compared with L. hesperus as reported in Butler and Wardecker (1971) , Champlain and Butler (1967) , and Leigh (1963) and the actual developmental times for the different life stages were very similar between the two species. The developmental times for L. hespe- The minimum temperature for development of each nymphal instar ranged from 7.5 to 8.4ЊC, and the minimum temperature for development from egg to adult was 7.9ЊC. These values are similar to that reported for L. lineolaris by Fleisher and Gaylor (1988) who combined developmental times across several studies to Þt a line that resulted in a minimum temperature for total nymphal development of 8.03ЊC. These minimums represented a fair degree of extrapolation and are likely lower than the actual minimum temperature for development. Bariola (1969) reported that of Þfty nymphs reared at 11ЊC, only four completed the Þrst-instar and of those, none completed the second instar, suggesting a minimum temperature for development Ͼ11ЊC. This is in contrast to the reported minimum temperature for development of L. hesperus. Champlain and Butler (1967) reported that a small number of individuals (n ϭ 6) were able to complete development at constant 10ЊC. In the Mississippi Delta, where winter temperatures (January, February, March) are variable (mean temperatures: 6, 8, 13ЊC, respectively) and there is an almost ever present source of food, the Þrst new generation of L. lineolaris adults can be found as early as midMarch, indicating that the daily ßuctuations in temperature during these months are sufÞcient for the completion of development.
Cumulative developmental mortality was relatively low (15%) at temperatures from 25 to 32ЊC and was much higher at 17 and 18ЊC (36 and 27%, respectively). The lowest level of cumulative developmental mortality was observed at 25ЊC with only 5.5% mortality. There did not appear to be an effect of instar on mortality across temperatures. The rates of survival at 27 and 32ЊC were similar to those reported by Bariola (1969) for tarnished plant bugs reared on green bean, whereas those reported by Ridgeway and Gyrisco (1960) and Khattat and Stewart (1977) were much higher (35Ð 62%). It is likely that my high rates of nymphal survivorship were at least partially a function of the relatively little handling needed to conduct this study. Once Þrst-instars were placed into rearing chambers, they did not needed to be touched again until they became adults. Assay chambers were inverted, nymphs fall to the bottom, and the paraÞlm and beans were removed and replaced.
The preoviposition period of female tarnished plant bugs maintained on green beans decreased with increasing temperature and was observed to be shorter, by as much as 2.9 d, than all those reported in the literature at comparable temperatures. Preoviposition periods under 7d were not expected, but two insects at 25ЊC produced eggs on the fourth day posteclosion, and larger numbers of insects maintained at 30 and 32ЊC did also. The preoviposition times of L. lineolaris (Bariola 1969 , Khattat and Stewart 1977 , Ridgeway and Gyrisco 1960 , Waters 1943 and L. hesperus (Leigh 1963, Strong and Sheldahl 1970) reported in the literature are generally longer than those reported in this study, several days longer in some instances. It is unclear why the large discrepancy in preoviposition period occurred, although it could be partially a function of host plant quality or differences among the populations of insects used.
Daily egg production by tarnished plant bug in this study increased with increasing temperature and declined at 32ЊC after peaking at 30ЊC. Greater numbers of eggs per day were laid by females in this study compared with those reported for L. lineolaris by Khattat and Stewart (1977) and Bariola (1969) , and in many instances this was reßected in a larger total number of eggs produced per female. Some individuals laid Ͼ200 eggs, and the maximum number of eggs laid by a single individual female was 461 over a 48 d oviposition period. Daily age-speciÞc egg production curves (Fig. 1) were used to illustrate the effect of temperature on both the preoviposition period as well as the daily rate of egg laying. Generally, daily egg production increased over the Þrst few days of reproduction and was followed by a slight dip and a recovery around the midpoint to two-thirds point of the reproductive curve, after which egg production increased again slightly and then tapered off. The greater number of eggs laid per day explained why the tarnished plant bug females, which lived shorter lives than those reported elsewhere, produced more total eggs compared with those values reported in the literature. At 28 and 24ЊC, Khattat and Stewart (1977) reported an average of 57 and 82 eggs produced per L. lineolairs female, compared with the 175 and 126 eggs per female at 27 and 24ЊC found in the current study. Surprisingly, despite the more than two-fold difference in total reproductive output among several of the temperatures in the current study, large statistical differences in total reproductive output as a function of temperature in this study did not occur. Because of the obvious quadratic nature of the total reproductive output apparent in the study, it could be assumed that the numerical differences were not a statistical artifact, and in fact represented the effect of temperature on total egg production. A similar trend was observed for total egg production by L. hesperus at temperatures ranging from 19 to 35ЊC (Stong and Sheldahl 1970) . Egg production still occurs at temperatures below those tested in this study. Both Ridgeway and Gyrisco (1960) and Bariola (1969) reported that females main- tained at 15 and 16ЊC did not lay eggs, but upon dissection at 28 d posteclosion, they had a full complement of eggs. It is unclear whether or not these eggs would have been laid if the experiments had been continued for a longer period of time, but the fact that temperatures were warm enough for females to develop eggs suggested that they would eventually be laid.
As expected, male and female adult tarnished plant bug longevity decreased with increasing temperature, which coincides with the increased rate of egg laying at these temperatures. As females lay their eggs more rapidly, their longevity decreases. Bariola (1969) and Khattat and Stewart (1977) report similar Þndings on green beans with respect to longevity and temperature although the mean longevity of female tarnished plant bugs was signiÞcantly longer compared with males in their studies, whereas there was no effect of sex on adult longevity in this study; mean longevities between the two sexes at any given temperature were typically within two days of each other. Male tarnished plant bugs in this study lived longer, sometimes twice as long, compared with males in Khattat and Stewart (1977) and Bariola (1969) . Whereas female tarnished plant bugs in this study had reduced survivorship compared with those in Khattat and Stewart (1977) and similar durations compared with those in Bariola (1969) .
The intrinsic rates of natural increase, generation times and population doubling times were all modeled using the nonlinear Logan model that determined temperature maximums and temperature optimums. The intrinsic rate of natural increase was optimized at 29.8ЊC (0.1852), generation time at 31.3ЊC (21 d) and population doubling time at 29.8ЊC (3.7 d). The only other estimates of life table parameters in the literature are from L. lineolaris maintained on daisy ßea-bane (Erigeron annuus L.) and cotton (Gossypium hirsutum L.) at 26.5ЊC. Fleischer and Gaylor (1988) report intrinsic rates of 0.107 and 0.058, generation times of 30.06 and 43.25 d, and doubling times of 6.5 and 11.9 d on ßeabane and cotton at 26.5ЊC. It was interesting that despite the optimum temperature for total egg production being around 27ЊC, the highest intrinsic rate of natural increase was obtained at 30ЊC. This was presumably a result of the shorter preoviposition period, higher rate of nymphal survival and greater number of eggs laid per day at 30ЊC as compared with 27ЊC, especially early in the reproductive curve.
In all instances the tarnished plant bug in this study outperformed those of other published studies on L. lineolaris with higher intrinsic rates of natural increase, larger net reproductive rates, smaller generation and doubling times, greater numbers of eggs per day and total eggs. The only parameter that was different between this study and those in the literature was adult tarnished plant bug longevity, which in terms of higher daily and total egg production would have no impact on population growth. It is unclear why the test insects appeared to outperform those from published studies. Although, it could be a function of green bean quality improving over the decades since many of these studies were conducted, or simply differences among the various populations used to conduct the studies.
The development times and life table statistics generated in this study have provided information that will be useful in the assessment of new insecticides and biological control agents for use against tarnished plant bugs. For those biological control agents, like fungal pathogens, that require a relatively long period of time to infect an insect (20 Ð24 h), knowledge of life stage duration as a function of temperature may help to predict which instars will be the most susceptible at different times of the year. This study also provides optimum temperatures for development and oviposition, which will aid in the efÞcient mass production of L. lineolaris and will help to describe tarnished plant bug population dynamics and ecology in the Þeld as temperatures change over the course of a season.
